The effects on the mitogenic response of human T lymphocytes were studied for 20 different antibiotics. No apparent inhibitory effect could be detected for penicillins, cephalosporins, aminoglycosides, chloramphenicol, sulfamethoxazole, trimethoprim, nalidixic acid, and 5-fluorocytosine. There were effects at high concentrations with erythromycin, clindamycin, and rifampin, and these antibiotics could also be shown to depress the mitogenic response of B lymphocytes. With fusidic acid, nitrofurantoin, and doxycycline there was an inhibiting effect at low concentrations on the mitogenic responses of B and T lymphocytes and on in vitro antibody production. Protein synthesis in unstimulated lymphocytes was also inhibited. Some antibiotics thus may impair the function of human lymphocytes in vitro.
Antibiotics, such as actinomycin D and doxorubicin, are used as immunosuppressive agents, and some antibiotics used in the treatment of bacterial and fungal infections have also been shown to depress granulocyte and lymphocyte functions in vitro (7, 11-13, 15, 19, 20-22, 25-27) and the immune response in humans and experimental animals (2, 3, 8, 16, 21, 23) .
The in vitro effects of a wide range of antibiotics on granulocyte chemotaxis and lymphocyte function were recently reported from our laboratory (11, 12) . The aim of the present study was to extend the investigations on the in vitro functions of human B and T lymphocytes in the presence of commonly used antibiotics. Antibiotics were added at the beginning of the experiments, unless otherwise stated, to give final concentrations of 1, 10, 25, and 50 ,ug/ml. The lymphocytes were incubated usually for 3 days in 5% CO2 at 37°C.
MATERIALS AND METHODS
With 50 jig of the different antibiotics per ml, the pH of the culture medium was unchanged after 3 days of incubation.
Mitogens. Phytohemagglutinin (PHA) (Weilcome, Ltd., London, England) was used in final concentrations of 1 and 0.5 jg/ml. The Cowan I strain of Staphylococcus aureus was used as a B-cell mitogen (14) . An overnight culture of bacteria in CCY broth (1) was killed in 0.5% formaldehyde for 3 h at room temperature and heat treated at 800C for 3 min. The killed bacteria were added to give a final concentration of 1/1,000 to 1/2,000 (50 to 100 bacteria per lymphocyte). (Table 1) . At a concentration of 50 ,tg/ml the responses were reduced to about 50% of the control. With fusidic acid there was an inhibition with a concentration of 1 ug/ml, and the depression was highly significant at a concentration of 10 lg/ml, which depressed the response to less than 50% of the control. Nitrofurantoin at a concentration of 10 tg/ml or rifampin at a concentration of 50 ,ug/ml significantly depressed the mitogenic response, which was reduced to about 30 or 20%, respectively. Doxycycline had a highly significant effect at a concentration of 10 ,tg/ml. Four different tetracyclines were compared in the same experiments, and one representative experiment is shown in Fig. 1 . There 556 BANCK AND FORSGREN was no effect of tetracycline chloride or lymecycline at a concentration of 25 ,ug/ml, whereas there was a pronounced effect of minocycline or doxycycline.
Effects on the mitogenic response of B lymphocytes. The Cowan I strain of S. aureus was used as a B-lymphocyte mitogen, and the inhibiting effect was studied for antibiotics that had been shown to inhibit the mitogenic response of T lymphocytes. Aminobenzylpenicillin and carbenicillin were included as controls in these experiments, and there was no effect of these antibiotics, whereas erythromycin, chindamycin, fusidic acid, nitrofurantoin, rifampin, and doxycycline all inhibited the B-lymphocyte mitogenic response. The degrees of suppression with different concentrations of antibiotics were almost identical to those of T lymphocytes.
Kinetics of PHA response of lymphocytes. Figure 2 demonstrates the effects on the PHA responses of lymphocytes cultured in the presence offusidic acid, nitrofurantoin, rifampin, and doxycycline for 1 to 4 days at concentrations of 10 ,ug/ml. Thymidine always was added at day 4 and the pulsing time was 24 h. There was a stronr effect when the antibiotics were Dresent from the day 1 or 2, a ml antibiotics were present effect when they were a( Reversibility of lyi response. When lymph( in the presence of fusid rifampin, and doxycycli centration of 50 ug/ml, and the Cowan I strain of added were strongly depressed. The reversibility fom the day 3, and no of the depressed lymphocyte function was studdded at day 4.
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fS. aureus subsequently aureus (Fig. 3) fusidic acid per ml was 50% of the control. Rifampin had no apparent inhibitory effect. The kinetics of the inhibition of protein synthesis was studied by incubation of lymphocytes with 25 ,ug of fusidic acid per ml added at days 1, 2, and 3. When added on day 1 the incorporation of ['4C]leucine was decreased to 50%; when added on days 2 and 3 there was no effect.
Effects on in vitro antibody production. With the use of the Cowan I strain of S. aureus as a polyclonal B-lymphocyte activator and a plaque assay for detection ofantibody-producing cells, the effects on antibody production by fusidic acid, nitrofurantoin, and doxycycline were studied. Rifampin was not included in these experiments because of its poor stability at 370C after 6 days. In these experiments the lymphocytes were incubated with 1, 10, and 25 ,ug of the respective antibiotic per ml for 6 days. In Fig. 5 are shown representative results of 4 to 6 experiments. There was a complete depression of antibody production for doxycycline or nitrofurantoin at a concentration of 10 Ag/ml or for fusidic acid at 25 ug/ml. Aminobenzylpenicillin and gentamicin were included as controls in these experiments, and with these antibiotics there was no effect on antibody production. DISCUSSION Apart from our recent report (11) 16, 1979 557 T lymphocytes even in concentrations exceeding those achieved in serum during treatment. We could not show any immunosuppressive effects by chloramphenicol, for which data are conflicting (9, 22 With doxycycline there was a highly significant depression of the mitogenic responses of both B and T lymphocytes with a concentration of 10 ,ug/ml, and a similar effect was seen with minocycline, whereas the older, less lipid-soluble tetracycline chloride and lymecycline in concentrations up to 25 ,ug/ml did not interfere with the mitogenic response of lymphocytes. Our findings are in good agreement with those of Thong and Ferrante (25) , who showed a strong lymphocyte depression by doxycycline at 10 ,ug/ ml but none by tetracycline and oxytetracycline. The effect of doxycycline was not reversible, as the lymphocytes could not be stimulated when washed after 2 days of incubation with 50 ,ug/ml. This irreversible effect was not due to cell death, as the viability of the lymphocytes was not affected. Tetracyclines have been shown to penetrate well into human leukocytes, giving intracellular accumulation (4) . In contrast to some other antibiotics, such as fusidic acid, tetracyclines are not released from HeLa cells when they are incubated in the absence of antibiotics.
Antibody production by lymphocytes incubated for 6 days with doxycycline at a concentration of 10 Lg/ml was completely depressed. Tetracyclines act by inhibition of protein synthesis in bacteria, and we could show inhibition of protein synthesis in unstimulated lymphocytes by doxycycline. The effect by doxycycline on lymphocyte function was delayed, as doxycycline had to be present for 2 days or more in order to suppress the mitogenic response. This in vitro finding is in good agreement with a delay of onset of the catabolic effect in patients shown by Shils (24) and with the clinical observation by Korkeila (17) that normal doses of tetracycline could completely abolish the effect of parenteral nutrition by inhibiting the utilization of amino acids for protein synthesis. Doxycycline also affects tissue metabolism (18) , but this effect is less likely to be manifested with doxycycline, as this drug does not accumulate. We have earlier shown that doxycycline inhibits the chemotactic response of human leukocytes in vitro (12), and the combined action on protein metabolism, and lymphocyte and leukocyte functions may possibly be potentially dangerous to, for example, postoperative patients, who require an effective anabolism and a good immunological defense.
Rifampin significantly depressed the mitogenic responses of B and T lymphocytes at a concentration of 50 ,tg/ml, and this is in good accordance with earlier reports (3, 7, 8, 16, 20, 21, 23) . As for the other antibiotics, the effects were not immediate. When lymphocytes were washed after 2 days of incubation with 50 ILg of rifampin per ml and then stimulated, the Tlymphocyte response was unaffected, whereas the B-lymphocyte response was increased. This increase in B-lymphocyte response so far is unexplained. The suppression of the mitogenic response and of protein synthesis in unstimulated lymphocytes was less pronounced with rifampin than with the other immunosuppressive antibiotics studied. Rifampin is degraded rather rapidly in solution at 37°C, and the effects of rifampin would probably have been more pronounced if the concentration of active drug was kept constant throughout each experiment.
Rifampin had an effect at concentrations sometimes achieved therapeutically. Only one preliminary report so far has been presented where the immunosuppressive effect of rifampin was evaluated in human beings (3) . In this study it was found that the antibody responses to cholera vaccine were not significantly affected in a small number of volunteers given clinically recommended doses of rifampin. However, in experimental animals rifampin has been shown to depress the antibody response (3, 21) . It has also been shown to prolong the survival of skin allografts in rabbits (23) and to inhibit the delayed hypersensitivity reaction in guinea pigs and rats (8, 16) . We have shown a strong depression by very low concentrations of rifampin on the in vitro chemotactic response of human leukocytes (12). A combined effect on both leukocyte chemotaxis and lymphocyte function may thus explain the in vivo findings.
Nitrofurantoin at a concentration of 10 ,ug/ml profoundly affected the B-and T-lymphocyte responses to mitogens, antibody production, and protein synthesis in unstimulated lymphocytes. As with doxycycline, the effect on the mitogenic response could not be eliminated by washing the lymphocytes. The serum level during treatment is very low, so the clinical relevance of our in vitro findings probably is of little importance. The penetration of nitrofurantoin into human leukocytes has not been investigated. However, our results gave indirect evidence of intracellular penetration, and there may be a local effect on the lymph nodes draining the kidneys, as the concentration in renal lymph is much higher than that in serum (6) .
Fusidic acid significantly depressed the mitogenic response of B and T lymphocytes at a concentration of 1 ,ug/ml. This effect was reversible, which is in agreement with the observation that fusidic acid penetrates well into HeLa cells and is rapidly and to a great extent released from the cells in antibiotic-free medium (4) . Fusidic acid has also been shown to penetrate into human leukocytes (4). As with tetracyclines, rifampin, and nitrofurantoin, there was a delayed effect on the mitogenic response. With 25 ,ug of fusidic acid per ml the protein synthesis in unstimulated lymphocytes was depressed to about 50% of that in control lymphocytes cultured in the absence of antibiotics. The in vitro antibody production was also completely depressed when lymphocytes were cultured for 6 days in the presence of 25 ug/ml. A catabolic effect has been shown for fusidic acid, and interference with protein synthesis in human tissue cells has been suggested (28) . Fusidic acid has been shown to depress the chemotactic response of human leukocytes in vitro (12), and the in vivo effects of the combined action on leukocyte and lymphocyte function should be further evaluated in animal experiments and clinical studies. The in vivo relevance of our in vitro findings is difficult to evaluate. However, experiments in progress in our laboratory with fusidic acid and rifampin have shown suppression of both cellular and humoral immunity in experimental animals.
